Pseudomonas sp. strain AZR1 and Kiebsiela sp. strain AZR2 were isolated from reconstituted instant chocolate puddings that had turned green and were found to have azoreductase activity. This activity was inducible and NADH dependent. Differences in dye reduction rates between the two strains were apparent, and substrate specificity related to dye structure was observed.
terial counts were determined for dilutions that produced between 30 and 300 colonies per plate. The pH values of the 10-' dilutions were determined with a Jenway model 3100 microprocessor pH meter. A total of 45 colonies (10 colonies from each sample incubated under aerobic conditions and 5 colonies from each sample incubated under anaerobic conditions) were isolated from the green reconstituted pudding preparations and purified. Each of the 45 cultures was grown at 30°C in 3 ml of BHI broth (Oxoid) containing 100 ,uM Ponceau 4R for 24 h under aerobic and anaerobic conditions and then checked for clearing of the dye. Samples (1 ml) of overnight BHI broth cultures of strains that were capable of dye reduction were reinoculated into pudding reconstituted with sterile skim milk, and the preparations were checked for greening at the ambient temperature (25°C). No reduction of Ponceau 4R was observed under anaerobic conditions. Only two strains that were capable of reducing Ponceau 4R were isolated under aerobic conditions, and these strains were tentatively identified by using the API 20E system. These organisms were subsequently grown in BHI broth for 72 h at 30°C in the presence of one of four azo dyes or a single nonazo dye; each of the dyes was added to the broth at a final concentration of 100 ,uM. The azo dyes tested were Ponceau 4R {3-hydroxy-4-[(2,4,5-trimethylphenyl)azo] -2,7 -naphthalene-disulfonic acid, disodium salt}, Carmoisine [4-hydroxy-3-(4-sulfo-1-naphthylazo)naphthalene-1-sulfonic acid, disodium salt], Allura Red {1-[(6-methoxy-4-sulfom-tolyl)azo]-2-naphthol-6-sulfonic acid, disodium salt}, and Azo Geranine (5-acetamido-4 -hydroxy -3 -phenylazonaphthalene-2-disulfonic acid, diso-dium salt), and the nonazo dye tested was erythrosine (2',4',5',7'-tetraiodofluorescein, disodium salt) (see Fig. 1 for dye structures). At intervals, 1-ml broth samples were removed and centrifuged at 15,000 x g for 5 min to remove the cells, and the resulting supematants were examined with a spectrophotometer at the XmaX for each dye ( Fig. 2 and 3 2, both of which were isolated from aerobically incubated plates, exhibited azoreductase activity in broth cultures. Both of these strains could induce greening in chocolate puddings after 12 h at 25°C. These two strains, AZR1 and AZR2, were tentatively identified by the API 20E system as Pseudomonas paucimobilis and Klebsiella pneumoniae strains, respectively. Both strains were capable of degrading all of the azo dyes, but were not capable of degrading the nonazo dye erythrosine. Figures 2 and 3 show the reduction of dyes by strains AZR1 and AZR2, respectively, as related to their growth curves. Clearly, reduction occurred only in the stationary phase, indicating that the production of dyes was a growth-phaseassociated phenomenon. Since the cell numbers in the stationary phase were the same for the two strains and all of the dyes were degraded more rapidly by AZR1, it was likely that the azoreductase activity of this strain was greater than the azoreductase activity of AZR2. In addition, it is possible that azoreductase activity was induced more rapidly in AZR1 than in AZR2. Individual dyes were not degraded at the same rate by the two strains. Carmoisine appeared to be the substrate most favored by both strains, followed by Ponceau 4R, Azo Geranine, and Allura Red. Both strains were capable of utilizing the dyes as sole carbon and energy sources. No azoreductase activity was apparent in the culture supernatants either in the presence or in the absence of dyes. Azoreductase activity was, however, apparent in the crude protein extracts in the presence of NADH during the azoreductase assay. However, this activity was apparent only if the strains were grown in the presence of a dye, indicating that azoreductase activity was induced by the dye. In addition, we observed that the presence of any dye induced reductase activity for all other dyes. Activity staining of polyacrylamide gels revealed the presence of a single enzyme that was active against all azo dyes in both strains. In the case of AZR1, this enzyme had an estimated molecular weight of 29,000, and in the case of AZR2, the estimated molecular weight was 27,000.
We demonstrated that the greening of reconstituted instant chocolate puddings is associated with the azoreductase activities of certain bacteria. In particular, this conclusion was indicated by the ability of two bacterial strains isolated from naturally green chocolate puddings to cause greening of sterile pudding preparations inoculated with monocultures of the strains. Since no growth was observed with dry chocolate pudding powder, it seems likely that these bacteria were present in the milk used to reconstitute the puddings. Only 2 of 45 strains (4.4%) examined were capable of dye reduction, but the high number of bacteria in green pudding preparations (ca. 4 .2 x 105 CFU g-1) meant that ca. 1.8 x 104 CFU g-1 may display azoreductase activity. Synergistic effects of azo-reducing strains could explain the rapid onset of greening. Both Pseudomonas and Klebsiella strains have been reported to be associated with milk (3), and thus the presence of members of these two genera in puddings was not unexpected. Although a Pseudomonas strain has previously been reported to be capable of azoreductase activity (5, 10), such activity has not been reported previously for Kiebsiella strains. The use of sour, old, or spoiled milk containing high numbers of potentially azoreducing microorganisms probably enhances greening and thus should be avoided to prevent its occurrence. This activity was shown to be NADH dependent and similar to the activity found by Zimmermann et al. (10) in a Pseudomonas strain adapted to growth on azo dyes. Although the activity profiles of the two strains were similar, AZR1 exhibited a higher level of activity by degrading dyes more rapidly, indicating that there is a difference in the enzymes present in the two strains. This was confirmed by the different molecular weights of the two azoreductases, as determined by polyacrylamide gel electrophoresis. Since only one enzyme was responsible for the different activities of each of the two strains against different azo dyes, it is possible that substrate specificity based on dye structure occurs (9) . However, the exact nature of this specificity was not apparent from our data ( Fig. 1 through 3) . The data described above do, however, indicate that there is probably a common mode of action for dye reduction in the two strains and that variations in the tertiary structures (and thus molecular weights) of the enzyme molecules may account for the observed differences in dye reduction rates between the two strains. It is unlikely that the strains encountered in this study were previously exposed to azo dyes, and thus the activity observed seemed to be inherent and not acquired by adaptation. In ecosystems such as foods, which often contain high numbers of microbes, the presence of an inducible azoreductase system may provide a distinct advantage to those microorganisms that possess it, particularly under conditions of nutrient limitation.
